I in the chain sow diet 3 blood serum of sow 3 sow milk 3 piglet serum was investigated in two experiments with a total of eighty-one sows and their piglets. In experiments conducted during the last trimester of gravidity and the 28 d of lactation, diets with glucosinolates (1´9 mmol/kg diet via 100 g ground rapeseed/kg diet (Expt 1) and 2´1 and 4´2 mmol/kg diet via 75 and 150 g rapeseed press cake/kg diet (Expt 2)) were compared with control groups without rapeseed products. From 0 to 600 mg I/kg was added to sow diets during lactation. Diets without supplementary I decreased the I concentration particularly in milk and piglet serum. The presence of rapeseed and rapeseed press cake were indicated by a thiocyanate concentration increase, mainly in sow serum. The diets with glucosinolates decreased the milk and piglet serum I concentration. Spot urine and faeces samples from sows eating the rapeseed-press cake diets had increased I concentration. The sows' serum I and thyroxine did not respond to glucosinolates (Expt 1) or these diets caused an increase in concentration (Expt 2). Both these criteria seem unsuitable for the diagnosis of I status of adult animals. Glucosinolates and their degradation compounds may affect the thyroid and the mammary glands resulting in lower I milk transfer and higher renal and intestinal I excretion.
Rapeseed: Milk iodine: Sows: Piglets
Glucosinolates, also known as thioglucosides, are present in cruciferous vegetables such as cabbage, cauliflower or Brussels sprouts and in rapeseed feeds. Glucosinolates can be cleaved by the enzyme myrosinase (thioglucoside glucohydrolase) which is present in the same plants as the glucosinolates but is separated from them (Maheshwari et al. 1981) . Any destruction of the plant cell brings the substrate and the enzyme together creating isothiocyanates, oxazolidinethiones, nitriles, thiocyanates and further compounds of glucosinolate degradation. Some gastrointestinal microbes have a myrosinase-like activity (Oginsky et al. 1965) causing intestinal glucosinolate degradation (Rowan et al. 1991) and glucosinolate degradation products can be absorbed. However, an increase in blood serum thiocyanate concentration could only be found in different species (Paik et al. 1980; Scho Ène et al. 1990 Scho Ène et al. , 1997c after feeding rapeseed meal (solvent extracted), rapeseed press cake or ground rapeseed.
Low quantities of glucosinolates or their degradation products may give specific taste and flavour effects (Fenwick et al. 1983 ) and benefit human health (Jongen, 1996) . At higher dietary levels, they impair food intake and growth. Depressed feed consumption and growth have been shown in pigs, where the diet included high-glucosinolate rapeseed meals (100±150 mmol glucosinolates/kg defatted matter). However, high quantities of low glucosinolate meals based on`00' varieties or treatment can also negatively affect pig performance (Rundgren, 1983; Bell, 1984; Bourdon & Aumaitre, 1990; Scho Ène et al. 1997a) .
Glucosinolates are I antagonists. In eastern Germany until 1986, swine diets containing high-glucosinolate rapeseed meal were not supplemented with I and pigs suffered from hypothyroidism, evident as cretinism, changed body proportions, myxoedema and severe goitre (Lu Èdke & Scho Ène, 1988) . In pregnant sows feeding highglucosinolate rapeseed feeds without I addition accelerated and strengthened the incidence of I-deficiency disease. This was indicated by prolonged pregnancy and piglets being stillborn with impaired viability (Schuld & Bowland, 1968; Devilat & Skoknic, 1971; Gu Èrtler et al. 1982) .
Sometimes the piglets were hairless or oedematous, but they always had an enlarged thyroid, and thyroxine (T 4 ) could not be found in the serum of piglets or of their mothers (Scho Ène et al. 1986) . Dosing with I and thyroid hormone increased serum T 4 concentration and cured the Ideficiency disorder. However, depressed performance and poor animal health still occurred. Therefore, it was recommended that high-glucosinolate rapeseed meal should be excluded from sow rations. Low-glucosinolate rapeseed meals seemed to have better potential for use in sow diets (Danielsen et al. 1987) . However, there were still adverse effects of meals with a reduced glucosinolates content on the survival of embryos and piglets and on the serum T 4 concentration of the piglets (Etienne & Dourmad, 1994) .
Undetectable T 4 serum concentrations and I-deficiency disorder are based on emptying the thyroid I depot from .500 mg I/g to #100 mg I/g. This was shown in growing pigs fed rapeseed meal for a long period (10 mmol glucosinolates/kg diet) without added dietary I (Scho Ène et al. 1990 ).
The range of thyroid I depends on peroxidase action oxidising iodide taken up from the blood to elemental I, which binds to the tyrosyl residues and hormone precursors of thyroglobulin respectively. The presence of glucosinolates changes the action of thyroid peroxidase. According to an in vitro assay of Kohler et al. (1988) , the enzyme oxidises oxazolidinethiones and probably further glucosinolate degradation products and thus uses elemental I. I will be reduced to iodide, which cannot be taken up by thyroglobulin and this results in a decrease in thyroid I concentration.
The objectives of the present two experiments were to evaluate the sow and piglet response to dietary glucosinolates combined with different concentrations of I. The glucosinolate content of the diets was varied by using ground rapeseed (Expt 1) or rapeseed press cake (Expt 2). In both cases, the rape varieties were of the`00' type. During lactation, sow I supply comprised 0 (no I addition), 150 mg supplementary I/kg diet (the National Research Council (1998) recommends 140 mg I/kg diet), 300 and 600 mg supplementary I/kg diet (the Agricultural Council (1981) recommends 400, and the Gesellschaft fu Èr Erna Èh-rungsphysiologie (1987) 500 mg supplementary I/kg diet). Animal response criteria measured were feed intake and rearing results, the serum concentration of thiocyanate ions (SCN 2 ), I and thyroid hormones, and the colostrum and milk I content. In Expt 2 spot urine and faeces samples were taken from sows to determine the I concentration dependent on glucosinolate and I ingestion. Until now, I has rarely been measured in the excreta of farm animals. This contrasts with studies on human subjects (Thomas, 1995) , which use urine I level to classify I supply status.
Materials and methods
Rapeseed and rapeseed press cake tested
The rapeseed used was from a single batch and the press cake was produced from another single batch. Seed and press cake characteristics were determined prior to each experiment and are given later (for descriptions of analyses see later).
The rapeseed, winter cultivar Madora (breeder Saatzucht Hans Lembke GmbH Malchow, Poel, Germany), contained (g/kg DM): crude protein 224, diethyl ether extract 444, crude fibre 89, ash 45.
Total glucosinolate concentration was 21´4 mmol/kg DM. This comprised (mmol/kg): gluconapin 4´3, glucobrassicanapin 1´1, progoitrin 11´6, 4-hydroxyglucobrassicin 3´0, pronapoleiferin 0´4, other glucosinolates 1´0. No glucosinolate degradation products were detected.
Seed was crushed as a mixture with barley using a hammer mill with a 2´7 mm screen.
Rapeseed press cake, originating from a seed batch of the winter cultivar Karola (breeder Semundo, Rellingen, Germany), was pressed in a screw press (MONFORTS Komet CA59, Mo Ènchengladbach, Germany). It contained (g/kg DM): crude protein 323, diethyl ether extract 188, crude fibre 154, ash 59. According to digestibility experiments, rapeseed press cake with a similar fat content provided 14´1 MJ metabolisable energy/kg DM which is similar to the energy content of barley (Lu Èdke & Scho Ène, 1994) .
The total glucosinolate concentration was 31´5 mmol/kg DM. This comprised (mmol/kg): gluconapin 6´5, progoitrin 18´4, 4-hydroxyglucobrassicin 4´5, glucobrassicin 1´2, pronapoleiferin 0´6, other glucosinolates 0´3. Again no glucosinolate degradation products were detected.
Animals and experimental diets
In 1994 and 1997 the two experiments were conducted during the last trimester of pregnancy and 28 d of lactation with eighty-one sows (German Landrace Â Large White). In Expt 1 there were thirty-six animals, divided into three groups with twelve animals per group, in Expt 2 there were fourty-five sows, in three groups of fifteen sows.
The pregnant sows at mean stage of gestation 80 d in Expt 1, and 86 d in Expt 2 were randomly allocated to the three homogenous groups in each experiment. Allocation was based on parity number and their live weight. The majority of sows represented the 2nd to the 6th parity. In Expt 1 three of the twelve sows per group were gilts (primiparous sows), in Expt 2 six of the fifteen sows per group. The sows had been artificially inseminated with sperm from Pietrain boars at the same time. This was after synchronisation using pregnant mare serum gonadotropin and human chorionic gonadotropin. During gestation, animals were housed in individual stalls on partially slatted floors. Sows were transferred to farrowing units at least 4 d before the birth. Litters were held in pens on partially slatted floors with individual stalls for sows and a heated plate as lying area for the piglets.
Diets for both experiments (Table 1) were isonitrogenous (180 g crude protein/kg diet); those of Expt 2 (groups I±III) also had the same metabolisable energy content. In Expt 1, in group 2 rapeseed oil was included to reach fat and metabolisable energy content similar to the diet with ground rapeseed (group 3). Further details of diets, e.g. their fatty acid profiles, were published (Scho Ène et al. 1998a) . During gestation, an I dose of 150 mg/kg diet was 660 F. Scho Ène et al.
the same for all animals. During lactation the I dose differed. In Expt 1, the twelve sows of each group were subdivided into three subgroups with four sows per subgroup each as follows: (A) no I addition; (B) 150 mg supplementary I/kg diet; (C) 300 mg supplementary I/kg diet. In Expt 2 the fifteen sows of each group were subdivided into three subgroups of five sows as follows: (a) 150 mg supplementary I/kg diet; (b) 300 mg supplementary I/kg diet; (c) 600 mg supplementary I/kg diet.
The I was provided as KI bound to casein. This preparation was found to be highly stable (Scho Ène et al. 1997c) . The I content of the feeds and diets used were determined prior to the experiments and are given later (for a description of the analysis see the next part of this section, p. 661). Barley, rapeseed and rapeseed press cake had I concentrations below the detection limit of ,20 mg/kg. In the soyabean meal and in the mineral vitamin premix 51 and 310 mg I/kg were detected respectively. The diet without I addition (Expt 1) contained 25 mg I/kg. In the diets with 150 mg supplementary I/kg, total I concentrations of 132 (Expt 1) and 210 mg/kg (Expt 2) were detected. In the diets with 300 mg supplementary I/kg total concentration of 270 (Expt 1) and 320 mg/kg (Expt 2) were detected. The diets with 600 mg supplementary I/kg (Expt 2) contained 680 mg I/kg.
Until the birth, each sow received 39 MJ metabolisable energy/d. This feeding level was 20 % greater than recommended (Gesellschaft fu Èr Erna Èhrungsphysiologie, 1987) and was a concession to large-frame animals. During lactation feeding was ad libitum. From the 5th day piglets received creep feed which consisted of wheat, soyabean meal, whey powder, casein, rapeseed oil and mineral vitamin premix without supplementary I (210 g crude protein and 15 g lysine/kg diet).
Investigation criteria, samples and analyses
The sows were weighed at the beginning of the experiments, and on transfer to the farrowing unit (109th day of pregnancy), at 48 h post-partum and at weaning. Piglets were weighed at birth and at weaning. The thyroid glands of stillborn piglets and those that died up to 24 h postpartum were removed and weighed. Feed was weighed daily for each sow. Creep feed was weighed for each litter. Creep feed refusals were recorded after drying at 608C.
Colostrum (about 30 ml) was milked at birth or immediately after. On the 27th day of lactation the same quantity of mature milk was sampled after injection with oxytocin (29 IU/sow intramuscularly). Blood was taken from sows and two piglets per litter by vena cava cranialis or vena jugularis puncture, shortly after sampling the mature milk.
In Expt 2 spot urine and faeces samples were taken from sows of the control group (without rapeseed press cake) and the group with the 150 g rapeseed press cake/kg diet. Sampling of spot urine took place on lactation day 26 for 14 h (06.00±20.00 hours) of Expt 2 using special highgrade steel scoops equipped with 1 m long handles. Faeces were sampled immediately after their emersion, lyophilised and ground for I and DM determination.
In both experiments, the DM, crude protein, diethyl ether extract, crude fibre and ash content was determined in both feed ingredients and diets (Bassler & Buchholz, 1993) . Glucosinolates were measured by HPLC with sinigrin as the internal standard (European Community, 1990 ). Aglucones were determined by a temperature-programmed GC and by MS with phenylisothiocyanate as an internal standard ). The I contents of the feed ingredients and the diets of both experiments and of lyophilised faeces (Expt 2) were measured by intracoupled * Twelve sows per group, I supplementation from day 80 of pregnancy to day 2 of lactation 150 mg/kg diet, from day 3 to day 28 of lactation 0, 150 or 300 mg I/kg diet in subgroups A, B, C each with four litters. ² Fifteen sows per group, I supplementation from day 86 of pregnancy to day 2 of lactation 150 mg/kg diet, from day 3 to day 28 of lactation 150, 300 or 600 mg I/kg diet in subgroups a, b, c each with five litters. ³ Supplementation (per kg diet): Ca 6 g, P 1 g, Na 1´2 g, Fe 50 mg, Cu 5 mg, Zn 43 mg, Se 0´15 mg, retinol equivalents (as coated retinyl ester preparation) 1´2 mg, cholecalciferol 5 mg, a-tocopherol (as a-tocopheryl acetate preparation) 10 mg, riboflavin 3 mg, niacin 11 mg, panthothenic acid 10 mg, pyridoxine 1´5 mg, cyanocobalamin 12 mg, biotin 10 mg. § Calculated according to the Deutsche Landwirtschaftsgesellschaft (1991) feed table.
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Glucosinolates and iodine in pigs plasma±MS (ICP±MS ELAN 6000; Perkin Elmer, U È berlingen, Germany) after matrix disintegration and solution in tetramethylammonium hydroxide (Fecher et al. 1998) .
For analysis 1 ml tetramethylammonium hydroxide (250 g/l; Tamapure-AA, Tama Chemicals, Kawasaki Lab., Osakai, Japan) was added to the mix of 200± 500 mg solid sample and 5 ml of distilled deionised water in a closed 50 ml polypropylene gas-tight tube. After disintegration for 3 h at 808C and cooling to room temperature, 19 ml distilled deionised water was added and centrifuged for 15 min at 4000 g. The supernatant fraction was mixed with distilled deionised water to reach an expected concentration meeting one of three calibration solution series: (1) 0, 1, 2 and 5 mg I/litre; (2) 0, 5, 10 and 20 mg I/litre; (3) 0, 25, 50 and 100 mg I/litre.
As standard solutions, urine or milk samples were prepared with KI (ultrapure, Johnson Matthey ALFA Products, Karlsruhe, Germany). The freshly prepared KI standards were added to the liquid feed or faeces samples, which were injected into a plasma of intracoupled plasma± MS. Te (Spex, Grasbrunn, Germany) (100 mg/l) was used as the internal standard. The method had a recovery rate of 95±109 % and a detection limit of 1 mg I/litre milk or serum. Results were confirmed using the certified standard BCR N 151 (Community Bureau of Reference). In this spiked skimmed milk powder' the recovered corresponded to the certified I concentration (103 % from spiking).
The T 4 and triiodothyronine (T 3 ) concentration in serum was measured by radioimmunoassay using a commercially available kit (Kodak, Amersham, Bucks., UK). Thiocyanate concentration in serum, colostrum, and milk were determined by HPLC (Rudolph, 1993) . I was measured as previously described by intracoupled plasma±MS using an addition calibration. Samples were directly diluted (sample ± double-distilled water (1:9, v/v)), mixed with the KI standard and directly injected by cross-flow sprayer into the plasma of the intracoupled plasma±MS. The level of creatinine in urine was based on Jaffe Â reaction (Thomas, 1995) .
Statistical methods
All data were analysed with the SAS software package (version 6.11, Statistical Analysis System Institute, Heidelberg, Germany). The results are given as mean values with their (pooled) standard error. From the results of previous pig experiments (Scho Ène et al. 1997b) no effect of I supplementation could be expected on animal weights, feed intake and piglet number due to the mobilisation of I from thyroid depots. Therefore, the data were analysed by oneway ANOVA, computing the probability level of the factor glucosinolate. Thyroid weight of stillborn piglets and I colostrum concentration, which could be affected only by glucosinolates (the dietary I did not differ during pregnancy), were treated in the same way. Data for serum I and thyroid hormone status and milk status at the end of lactation were analysed by two-way ANOVA with the factors glucosinolate, I dosage and the interaction glucosinolate Â I dosage. Group means were compared using the Newman-Keuls test (Steel & Torrie, 1980) .
Results

Body weight and feed intake of sows and rearing results
In Expt 1 there was a significantly increased feed intake of the rapeseed oil diet. However, this had no effect on the number and weight of piglets ( Table 2 ). The intake of ground rapeseed diet was intermediate between the control and the rapeseed oil diet P . 0´05X Creep feed consump- In Expt 2 the inclusion of rapeseed press cake in sow diets reduced feed intake and rearing variables (Table 3) . The decrease in sow feed intake and of the number of piglets weaned was significant in the group with the highest glucosinolate content in the feed (150 g rapeseed press cake; 4´2 mmol glucosinolates/kg). In the rapeseed-cake group the trend for a lower number of piglets per litter at birth continued during lactation with higher piglet losses. This gave a significantly reduced number of weaned piglets.
In this experiment feed consumption did not differ among groups of creep-fed piglets (control 103 g creep feed/litter per d, groups with 75 or 150 g rapeseed press cake/kg diet 99 or 95 g creep feed/litter per d).
Thyroid weight of stillborn piglets and those that died up to 24 h post partum
In both experiments there was no effect of gestational feeding on the thyroid weight of piglets at birth: Expt 1, thyroid weight (mg/kg body weight): control 161 (n 14), rapeseed oil 137 (n 9), rapeseed 166 (n 11), (SEM 12´8); Expt 2, thyroid weight (mg/kg body weight): control 175 (n 21), 180 (n 22) and 189 (n 27) in the groups with 75 and 150 g rapeseed press cake/kg diet (SEM^10´6).
Thiocyanate status
In the colostrum samples taken in both experiments SCN 2 could not be detected (,0´3 mg/l). In Expt 1 rapeseed increased the SCN 2 concentration in sow serum, milk and piglet serum (Fig. 1) . There was a pronounced concentration increase in the serum, which was directly related to glucosinolate intake in the rapeseed feed. The SCN 2 of milk and piglet serum responded weakly, but significantly, to glucosinolate in the mothers' diet.
In Expt 2 rapeseed press cake increased the SCN 2 concentration, particularly in sow serum (Fig. 2) . As in Expt 1 there was a small but significant response in SCN 2 concentration in milk and piglet serum (Fig. 1) . There was no difference in SCN 2 status between groups with 75 or 150 g rapeseed press cake/kg diet (Fig. 2) . P , 0´01X The differences between the control and the rapeseed oil group were not significant.
Iodine and thyroid hormone status of sows and piglets
In Expt 1 feeding ground rapeseed drastically lowered the colostrum I concentration from 134 mg/l in the control group and 110 mg/l in the rapeseed-oil group to 55 mg/l colostrum in the group on the glucosinolate diet (SEM 11´4, minimum significant difference 33).
Rapeseed press cake (Expt 2) also significantly diminished colostrum I concentration. The control sows had 170 mg I/ litre. In the groups with 75 and 150 g rapeseed press cake/ kg feed there was 127 mg I/litre and 87 mg I/litre in the colostrum (SEM 16´3, minimum significant difference 46).
In Expt 1 there was a significant effect of I administration to sows on their serum I concentration (Table 4 ). The statistical comparison was significant only for the difference between the groups without I and with 300 mg supplementary I/kg rapeseed diet (minimum significant difference 14 mg I/litre serum). Table 1 and p. 660 respectively. A, without rapeseed press cake; B, 75 g rapeseed press cake/kg feed; K, 150 g rapeseed press cake/kg feed. Values are means for fifteen sows and thirty piglets per group (two piglets per litter) with their standard errors represented by vertical bars. Mean values were significantly different between groups with rapeseed press cake v. the control: P , 0´01X There were no significant differences between the groups with 75 or 150 g rapeseed press cake/kg diet. Table 1 and p. 660 respectively. ² Significant effects of glucosinolates by two-way ANOVA P , 0´05X ³ Significant effects of iodine by two-way ANOVA P , 0´05X § Significant glucosinolates Â iodine interaction by two-way ANOVA P , 0´05X 664 F. Scho Ène et al.
Mature milk I concentration responded to rapeseed and to diet I. It increased to .150 mg I/litre milk in response to 300 mg supplementary I/kg in the glucosinolate-free diet. However, this level of I supplementation of the rapeseed diet could not bring the milk I level to half this concentration.
In piglets both the I and the glucosinolates in the sow diets significantly affected serum I concentration. It increased with I administration to the sows and decreased with rapeseed feeding. Piglets from mothers without added I and those with 150 mg supplementary I/kg diet had almost the same serum I concentration. Only the highest I dose fed to the sows (300 mg/kg diet) gave a significant increase in piglet serum I concentration.
In Expt 1, T 4 and T 3 serum concentration of sows was not affected by glucosinolates or by dietary I. In piglets the serum T 4 concentration responded to maternal I supply. The piglets from sows fed the ground rapeseed diet or the rapeseed-oil diet without supplementary I had the lowest serum T 4 concentration.
In sow serum the I represented by T 4 and T 3 was decreased from about one-half of groups without I supplementation to one-third in groups with I supply, which was a significant I effect P , 0´05X Summarising the groups without I and with 150 or 300 mg supplementary I/kg sow diet gave 49 %, 39 % and 35 % (SEM 3´8), hormone bound as a percentage of total serum I with a minimum significant difference of 13 %. In piglet serum there were significant effects of glucosinolates and I in the mothers' diet in relation to thyroid hormone I to (total) serum I. Piglets from sows fed rapeseed with I had a significantly higher percentage of I as hormone I than piglets from sows fed the same I dosage and a control diet free of glucosinolates. Piglets from sows on diets without glucosinolates tended, with increasing I dosage, to have a decreased hormone I:total serum I ratio. Compared with their mothers, piglets had a significantly higher hormone I:total serum I ratio. This was caused by a doubled thyroid hormone concentration and by a 50 % higher serum I concentration in the young animals.
In Expt 2, the sow serum I concentration was not affected by dietary I (Table 5 ). However, rapeseed cake feeding gave a significantly higher I concentration in sow serum than in the glucosinolate-free control group. As in Expt 1 (Table 4) , in Expt 2 (Table 5) , milk and piglet serum I concentration increased with increased I dosage in sow diets and it was reduced by feeding rape.
The T 4 and the T 3 concentration of sow serum were significantly higher with rapeseed-press cake feeding, particularly at the highest dietary level tested. The significant glucosinolate effect on the T 3 status by ANOVA could not be confirmed by the Newman-Keuls test. Summarising the three I dosage groups for each level of dietary rapeseed press cake, including the control, not fed rapeseed press cake, the differences between the control and the sows which received 175 g rapeseed press cake/kg diet were significant (fifteen sows per group, T 3 (nmol/l serum): 1´6, 2´3 and 2´8 (SEM 0´23), minimum significant difference 0´8).
There was an effect of I dosage in sow diets on the T 4 concentration of piglet serum. The T 4 T 3 I as a part of sow serum total I concentration decreased with increased I in the diet in the absence of rapeseed press cake. With press cake feeding there was no effect of glucosinolates or I on the hormone I fraction of the total serum I. In piglet serum there was no nutritional effect on serum I distribution. As in Expt 1 (Table 4) , in Expt 2 (Table 5 ) more piglet serum I was represented by T 4 T 3 than of the mothers' serum I.
Spot urine and faeces samples taken from sows fed 150 g rapeseed press cake/kg diet had a significantly higher I concentration than the controls without glucosinolates in their diet P , 0´05Y Table 6 ). Relating urine I to the Mean values within a row with unlike superscript letters were significantly different P , 0´05Y Newman-Keuls test). * For details of diets and procedures, see Table 1 and p. 660 respectively. ² Significant effects of glucosinolates by two-way ANOVA P , 0´05X ³ Significant effects of iodine by two-way ANOVA P , 0´05X 665 Glucosinolates and iodine in pigs creatinine concentration did not change the result of an increased I loss on a rapeseed-press cake diet. A low I:creatinine ratio in the urine from sows of the rapeseedcake group without supplementary I was caused by a high creatinine concentration (1´9 g/l urine v. 0´8 and 1´3 in the other groups (SEM 0´28) g/l, P . 0´05X No significance of dietary I on the I concentration of excreta could be detected. There was only a trend towards a higher I:creatinine ratio P 0´12 with increased dietary I.
Discussion
Glucosinolates of rapeseed products and rearing variables in sow experiments
A glucosinolate concentration of 35 mmol/kg defatted rapeseed or rapeseed press cake (basis 910 g defatted DM/kg) represented the upper third of the 420 samples of rapeseed investigated from batches harvested in Thuringia Jena, Germany, from 1992 to 1998. The concentration of the batches was below the European Community (1999) maximum glucosinolate levels of`00' rapeseed (25 mmol glucosinolates/kg seed is equivalent to 40 mmol/kg defatted rapeseed on the basis of 910 g DM/kg). However, this official European Community (1999) borderline value is restricted to seed certified for sowing. In harvested rapeseed and its products it is not obligatory to determine the glucosinolate concentration. Improving the position of rapeseed as a feed requires control of the glucosinolate concentration from the field to the oil mill to the feed compounder. Furthermore, a`safe-use' concentration must be defined. Fenwick (1984) recommended 30 mmol/kg defatted matter. Recent proposals for an acceptable glucosinolate concentration of rapeseed in feed are much lower (Campbell et al. 1999) . Grinding or pressing of rapeseed did not change the glucosinolate content on a fat-free basis (Scho Ène et al. 1997c) . Degradation products of glucosinolates were not detected in ground rapeseed or press cake. Probably no, or only minor, glucosinolate hydrolysis was caused in the dry feed by minor myrosinase activity. Addition of water to ground rapeseed or rapeseed press cake gave almost total glucosinolate degradation (Scho Ène et al. 1997c) .
Contrasting with the results reviewed by Drochner (1989) in both these experiments there was no benefit of fat application via rapeseed, the oil or the press cake on sow-milk fat content and piglet performance (Scho Ène et al. 1998a) .
In Expt 2 the depression in feed intake and rearing results at the 150 g/kg diet rapeseed-press cake level may have resulted from a high glucosinolate concentration (4´2 mmol/kg diet). Etienne & Dourmad (1994) tested up to 7´4 mmol glucosinolates/kg rapeseed-meal diets during gestation. This resulted in a significant weight loss of fetuses removed at pregnancy day 111. Fetus number and the ovulation rate and embryonic mortality were not affected in this experiment.
In a previous sow experiment (Scho Ène et al. 1997b), 250 g rapeseed meal (10 mmol glucosinolates)/kg diet decreased piglet number per litter and litter weight by 8 % at weaning after 28 d lactation (100 % represents control, without glucosinolates), which agrees with the findings of the present Expt 2. However, in the previous experiment (Scho Ène et al. 1997b ) the sows consumed the high-rapeseed meal diet to a surprisingly great extent, which did not differ from the intake of the control group fed a rapeseed-free and glucosinolate-free ration.
In contrast with the short-term and limited number of sow experiments, there are many more rapeseed-feed experiments with growing and fattening pigs. According to these dose-response experiments, pigs tolerated rapeseed-feed diets between 1´4 and 2´4 mmol glucosinolates/ kg diet without feed intake depression (Nu Èrnberg et al. 1994; Scho Ène et al. 1997a,c; Tischendorf et al. 1998) . In agreement with these findings on fattening pigs and in agreement with the results of the few sow experiments that have been conducted, at present a breeding sow can be given up to 2 mmol glucosinolates/kg diet via rapeseed feed.
Thiocyanate, iodine and thyroid hormone status of sows and their piglets
In accordance with findings from earlier experiments with feeding of rapeseed meal to different animal species (Paik et al. 1980; Scho Ène et al. 1990 ) as well as with rapeseed and rapeseed press cake fed to dairy cows (Jahreis et al. 1995) or to growing pigs (Scho Ène et al. 1997c) , both the (Scho Ène & Paetzelt, 1987) .
There was only a low SCN 2 concentration in sow milk and piglet serum. Due to the glucosinolates in the sow diets the SCN 2 concentration increase was significant P , 0´01Y but these traces of a non-toxic compound (Scho Ène & Paetzelt, 1987) seem to have no consequences on piglets.
Contrary to Expt 1 a significant effect of dietary I dosage on the I concentration of sow serum was not found in the previous sow experiment including also sow groups without supplementary I (Scho Ène et al. 1997b ). The T 4 serum concentration representing a great part of serum I concentration was not affected by the diet I in both these experiments. (The glucosinolate effect on serum I and T 4 will be discussed later.) In the thyroid the extent and I content of thyroglobulin, a prerequisite for T 4 production, might be higher in older animals and this might guarantee a serum T 4 concentration which is unaffected by low I consumption.
A concentration from 42 to 168 mg/l milk as the lowest and highest mean value in both the present experiments represented a milk I concentration recorded for human subjects (Tiran et al. 1993 ) and the cow (Groppel, 1986; Jahreis et al. 1995) . In the cited investigations I was not determined by ion-sensitive electrodes.
In the sow experiment, carried out in 1989, diets without supplementary I had only 14 mg I/litre in milk. In the reproduction cycle and gestation period before the start of this experiment, the I supply was low (about 150 mg additional I/kg feed) representing the recommendations in the former German Democratic Republic (Ro Èhnisch et al. 1987) . Before the beginning of the present experiments, the I supply was higher. A seven-fold I dosage (1000 mg additional I/kg diet) was given, which is above the recommendations of the animal nutrition societies (Agricultural Council, 1981; Gesellschaft fu Èr Erna Èhrungsphysiolo-gie, 1987; National Research Council, 1998) . However, this represents a moderate level with regard to the sow feed dosage (up to 3500 mg I/kg sow feed) currently applied by German feed compounders. It can therefore be assumed that the higher I supply during pregnancy increased the thyroid I depot, resulting presumably in higher I release by the gland and a higher milk I concentration.
With regard to the lack of a difference in milk I concentration of the sow groups with 150 or 300 mg of supplementary I/kg diet in each experiment (Tables 4 and  5) , the higher dosage seemed to give a higher percentage in the thyroid I depot that could be less mobilised. Iodide uptake by sodium iodide symporter has been demonstrated not only in the thyroid, but also in various extrathyroidal tissues including the mammary gland (Spitzweg et al. 1998) . In the flow of iodide from intestinal absorption, flow to the thyroid seems to occur prior to a flow to the mammary glands. This is probably due to a higher thyroid iodide symporter content (Ajjan et al. 1998) .
The serum I concentration of the piglets reflected changes in milk I concentration with regard to sowÂdiets effects. Contrasting with the favourable I status of the adults, young animals have smaller depots and higher dietary requirements in their intensively growing tissues. These higher tissue needs of piglets might be reflected by I and T 4 serum levels which were significantly higher than the serum concentrations of their mothers. A higher percentage of hormone I in the total serum I concentration in piglets compared with the sows may also result from the anabolic state characterising the young organism.
Further, I dosage affects the percentage of hormone I. A high I intake increases the iodide fraction of the serum derived almost completely from I absorption. The levels of T 4 and T 3 remain unaffected from I intake in a broad range and the percentage of total serum I drops with increasing serum iodide. In the adult a low thyroid hormone percentage is the rule because the low serum and presumably equally low tissue thyroid hormone concentration is probably exceeded by the iodide part of serum.
Confirming a depression in milk I with similar changes in serum I and T 4 status of piglets by glucosinolates in both the present experiments with rapeseed and rapeseed press cake and in a former rapeseed-meal experiment (Scho Ène et al. 1997b) , there were no glucosinolate effects on sow serum I or thyroid hormone concentration in either the present Expt 1 or the former rapeseed-meal experiment. However, in Expt 2, the sows had a glucosinolate-induced increase of I and thyroid hormone concentration of serum (Table 5 ) with a simultaneous decrease in milk I concentration.
In the former experiments, fattening pigs reacted to short-term feeding of treated rapeseed meal with enough I (0´6 mmol glucosinolates/kg diet) with increased serum T 4 concentrations (Scho Ène et al. 1990 ). More glucosinolates, 10 mmol/kg diet, or prolonged exposure had no effects on, or depressed, serum T 4 concentration.
For serum I, the increase in T 4 and sometimes T 3 concentration due to short-term glucosinolate exposure in the case of an I-filled thyroid depot has to be considered as being caused by: (1) a changed hormone turnover and hormone requirement of tissues; (2) a higher thyroid activity respectively.
According to (1), glucosinolate degradation products, i.e. isothiocyanates, nitriles and oxazolidinethiones inhibiting liver and other intensively regenerating tissues are counteracted by more T 3 (Spiegel et al. 1993) . This sustains or increases blood serum concentration of the precursor T 4 releasing the T 3 by microsomal 5-deiodase action.
The more active thyroid, according to (2), liberates more hormone sustaining a high serum T 4 concentration. The hyperplasia and hypertrophy of thyroid epithelia implies increased peroxidase activity (Taurog, 1985) shifting from oxidation of iodide to that of oxazolidinethiones and additionally consuming the thyroglobulin I. There seem to be similarities in the iodide uptake by the thyroid and mammary epithelial cells. Both cell types possess an iodide symporter (Rillema & Rowady, 1997) and both these provide peroxidase activity. Similar effects of rapeseedfeed compounds on mammary gland peroxidase action as on thyroid enzyme may create more iodide causing low I concentrations in the milk as well as in the thyroid.
There will be a relative surplus of iodide caused by peroxidases, which are unable to simultaneously oxidise the glucosinolate degradation products and iodide. From this it follows that the animal will excrete more iodide as was shown with significantly higher I concentrations measured in urine samples from sows which consumed the rapeseed press cake P , 0´05Y Table 6 ). In this experiment not only the urine but the faeces of sows consuming the rapeseedpress cake diet had a significantly higher I concentration than sows consuming a glucosinolate-free diet. In contrast to urine I, which is almost totally in the form of iodide, a lot of faeces I is represented by intact thyroid hormones that escaped reabsorption in the intestine (Di Stefano & Sapin, 1987) .
Estimated sow iodine requirement I intake and loss was estimated (Fig. 3 ) despite some uncertainty of the I concentration in one milk, urine and faeces sample and the milk yield or urine excretion, e.g. 20±80 ml urine/kg body weight per d (Kraft & Du Èrr, 1996) . However, some conclusions can be drawn, taking into account similar error conditions at sampling in all sow groups.
At low I dosages, milk I output seems not to be related to the low intake level. This has already been explained by different thyroid I uptake and release. Only the highest dose of I tested (600 mg I/kg diet) gave a milk-I response. A daily intake difference of 1500 mg I between both I-dosage groups responding to an I dose of 300 v. 600 mg I/kg diet led to an additional 700 mg I in daily milk output indicating about a 45 % utilisation rate (Fig. 3) .
In Expt 1, there was a 41 % I utilisation and in a further experiment with a higher dose, 1000 mg/kg diet (Scho Ène et al. 1997b) an 18 % utilisation was calculated. Extremely low or high dietary I dosages lower I utilisation. In the case of a low I intake, a high renal and faecal I excretion results from large thyroid depots in older animals. An I excess from high I administration will rapidly be eliminated by increasing the urine I concentration. Glucosinolates also lower I utilisation. In the rapeseed-press cake group (Fig. 3) , milk contained 26 % I in relation to intake. In the previous rapeseed-meal experiment, a much higher dietary glucosinolate content gave an extremely low I utilisation of about 1 % milk I as a percentage of dietary I intake.
The 18±45 % sows' milk I of controls in our experiments related to dietary I intake are in the range of rat experiments results with radioactive I (reviewed by Miller et al. 1974 ) which found 15±50 % administered I in the milk.
A daily I intake increasing from 700 to 1400 to 2900 mg would increase the sum of urinary (Fig. 3) and faecal I from 1600 to 1900 and 2200 mg indicating dominant thyroid I release at lower I dosages and dominant thyroid I uptake at higher I dosages. There is a shift from intestinal to renal excretion giving more I because inevitable faecal I loss consisting of thyroid hormones and their degradation products will decrease.
Estimating an I requirement for the lactating sow of 600 mg supplementary I/kg of a grain soyabean-meal diet seems to guarantee: (1) a reasonable milk I concentration significantly above 100 mg/kg; (2) an almost balanced intake and loss of I. This recommendation is derived from the findings in these present experiments and is in the range of cited current UK and German recommendations (Agricultural Council, 1981; Gesellschaft fu Èr Erna Èhrungs-physiologie, 1987) . However, it is significantly higher than the National Research Council (1998) recommendations. The addition of 600 mg I/kg to a rapeseed-press cake diet containing 4´2 mmol glucosinolates/kg led to I loss being more than double I intake. Therefore, even small quantities of rapeseed feed and glucosinolate seem to require I addition of .1000 mg/kg diet, i.e. about double the current UK and German recommendations. In the present work 150 g/kg rapeseed-press cake (4´2 mmol glucosinolates/kg feed) diminished the feed Fig. 3 . Iodine intake and iodine loss in milk, urine and faeces. (A), control (without rapeseed feed), ,0´1 mmol glucosinolates/kg diet; (B), 150 g rapeseed press cake/kg diet, 4´2 mmol glucosinolates/kg diet. For details of diets and procedures, see Table 1 and p. 660 respectively. m, milk; B, urine; A, faeces; K, intake. Intake was calculated from measured feed intake multiplied by iodine dosage, and milk iodine results from an estimated 7 kg milk yield multiplied by the measured milk iodine concentration (Table 5 ). Faecal iodine excretion was estimated as 20 % feed DM intake multiplied by the iodine concentration and the DM concentration in the faeces samples (Table 6 ). Urine excretion was estimated to be 8´5 kg (40 ml/kg sow body mass).
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intake of lactating sows and the number of piglets reared. However, 75 g/kg rapeseed press cake (2´1 mmol glucosinolates/kg feed) and 100 g/kg ground rapeseed (1´9 mmol glucosinolates/kg feed) did not have a negative effect. Glucosinolates caused increased I excreta concentrations (mainly in urine) of mothers and decreased milk I concentration. This resulted in an impaired I and thyroid hormone status of the piglets. Sow diets containing rapeseed feeds are expected to contain no more than 2 mmol glucosinolates/kg and at least 1000 mg I/kg diet should be added, i.e. about twice current German or UK recommended levels. Milk I concentration clearly indicated a high I intake level but serum T 4 concentration was a useless diagnostic criterion.
